A study on monthly and diurnal changes of limnological conditions of two ponds was conducted in the Bangladesh Agricultural University campus, Mymensingh. The research work was performed by studying the limnological parameters such as transparency, temperature, dissolved oxygen, free carbon dioxide, pH, total alkalinity, nitrate-nitrogen, phosphate-phosphorus and plankton. Diurnal variations of physico-chemical factors were studied fortnightly at 6 hrs intervals at 6 a.m., 12 noon, 6 p.m. and 12 midnight. The amounts of transparency, dissolved oxygen and pH were higher during winter months than in summer months in both the ponds. Transparency, water temperature, total alkalinity, NO3-N and PO4-P were higher during summer months than in winter months in both the ponds. But the amount of free carbon dioxide was higher during winter months than in summer months in pond 1 while in pond 2 the amount of free carbon dioxide was higher during summer months than in winter months. Qualitative and quantitative monthly variations of phytoplankton and zooplankton were observed in both the ponds during the study period. The highest amount of dissolved oxygen, pH and total alkalinity were recorded at 6 p.m. and the lowest amounts of those at 6 a.m. in both the ponds. The highest temperature was recorded at 12 noon and the lowest at 12 midnight. But the highest amount of free carbon dioxide was recorded at 6 a.m. and the lowest at 6 p.m. in both the ponds. All the factors showed appreciable diel variations throughout the study period, which indicate that the ponds are productive.
Introduction
Different physico-chemical factors of a water body, which determine the character and quality of biological production are very important for scientific fish culture and fisheries management. Extensive observations on diurnal variations in freshwater have been carried out in temperate regions. Successful fisheries management and scientific fish culture depend upon the various information about the diurnal variations of limnological conditions of water bodies. Some workers have made contributions to the diurnal variations of physico-chemical conditions in tropical fish ponds (Dunn, 1967; Khan et al., 1970; Michael, 1967; Philip, 1926; Reddy, 1981; Verma, 1967; Vass and Sachlan, 1953) . Little information is available on the diel variations of limnological conditions of fish ponds of Bangladesh. But knowledge of diel variations of limnological conditions of ponds will be helpful for efficient fish culture practice.
Materials and Methods

Description of study area
The experiment was accomplished in two perennial ponds situated in the campus of the Bangladesh Agricultural University, Mymensingh. The ponds were arbitrarily numbered as Pond 1 and Pond 2.
Estimation of limnological conditions
Physico-chemical and biological factors of both the ponds were studied throughout the study period of 7 months. Sampling was done fortnightly. Diurnal variations of physicochemical factors were studied fortnightly at 6 hrs intervals at 6:00 a.m., 12:00 noon, 6:00 p.m. and 12:00 midnight.
Int. J. Agril. Res. Innov. & Tech. 7 (1): 14-20, June, 2017 To enumerate plankton population fourteen small samples of water (10 litre for each sample) were collected from different areas and depths of the ponds and passed through a plankton net (mesh size 55 micron). Then the collected plankton samples were preserved in 5 % formalin in small plastic bottles. Plankton study was accomplished by using a Sedgewick-Rafter counting cell (S -R Cell) (Rahman, 1992) and under a compound binocular microscope (Olympus model BH-2). Identification of the plankton were done according to Ward and Whipple (1959) , Needham and Needham (1962) , Prescott (1962) , Pennak (1955) .
Results and Discussion
The results of monthly and diel changes of physical factors of two ponds have been presented. The surface area of two ponds, which were nearly rectangular in shape were 0.168 ha and 0.769 ha of pond 1 and pond 2, respectively. Both the ponds are perennial. The monthly transparency of water ranged from 33.00 to 45.33 cm and from 35.88 to 49.37 cm in pond 1 and pond 2, respectively. The maximum values were recorded in the month of January and the minimum in October in pond 1 while in pond 2 the maximum was in the month of December and the minimum in October. The values of transparency were found to decrease more or less gradually with the decrease in water level. This was due to gradual increase in the amount of silt, suspended organic matter and microscopic organisms with the decrease in water level. Bamforth (1962) also reported that the transparency of water was affected by silt, microscopic organisms and suspended organic matter. The lower value during summer and higher value during winter in transparency were due to rainfall and run-off in summer and these are absent in winter.
Monthly variation in air and water temperature:
The monthly variations of air temperature ranged from 18.50 to 28.88 0 C. The maximum values were recorded in the month of October and the minimum values were recorded in the month of January (Table 1 ). The monthly variations of water temperature (average of surface and bottom) ranged from 19.04 to 28.03 0 C and from 19.48 to 28.88 0 C in pond 1 and pond 2, respectively. The maximum values were recorded in the month of April and minimum values were recorded in the month of January in pond 1 while in pond 2 the maximum was in the month of April and the minimum in January.
The comparatively low values of air temperature during the months of December, January and February except in November and its high values during the months of October, March and April indicate that average water temperature correlated with the air temperature. The change of temperature of air was much more rapid than that of water. During the winter months, the air temperature fell more rapidly due to cold weather and remained always below the water temperature. Similarly during summer months, air got heated more rapidly than water temperature and thus showed higher temperature than that of water in the evening. Similar observations were also recorded by Dewan (1973) . Vass and Sachlan (1953) stated that temperature of shallow and small bodies of water may follow air temperature closely with only a small variation. Ganapati (1941) , Chacko and Ganapati (1949) , Sitaramiah (1966) reported lowest temperature during November and December and highest temperature during April and May. The differences were comparatively very low during winter months (December and January) than the summer months (April and May). After winter months, the temperature differences between surface and bottom waters were found to increase with the increase in the differences of air temperature. This might be due to the influence of air temperature on water and due to greatly decreased volume of water.
Chemical factors
Dissolved oxygen: The results of dissolved oxygen have been presented in Table 3 . The amount of dissolved oxygen showed wide variation during the period of investigation. The highest values of dissolved oxygen was 8.39 ppm in the month of December and the minimum value was 6.99 ppm in the month of October in pond 1 while in pond 2 the maximum value was 8.41 ppm in January and the minimum value was 7.03 ppm in October (Tables 2 and 3 ). The lower concentration of dissolved oxygen as suggested by Chakrabarty et al. (1959) and Sterin et al. (1968) might be associated with rainfall and less exposure of sunlight and during the rainy season the suspended silt and organic matter carried into the pond by rain water might have reduced the dissolved oxygen content after heavy showers. In the present investigation, the data obtained that the oxygen concentration in water was inversely related to the temperature of water. Vyas and Kumar (1968) , Dewan (1973) also observed the similar results. Free carbon dioxide: The free carbon dioxide of pond 1 and pond 2 ranged from 1.60 to 3.34 ppm and 1.10 to 2.22 ppm, respectively. The amount of free carbon dioxide was comparatively higher during the winter months (November, December and January) than the summer months (March and April) in pond 1 but the monthly variations of free CO2 in pond 2 is not distinct, the monthly values were more or less same throughout the study period. The reasons of monthly fluctuations (which are slight) of free CO2 in the ponds under the present study are not clear but higher values are associated with high temperature and high decomposition of dead organic matter and lower values are associated with low temperature and lower organic decomposition and higher rate of photosynthesis. Vyas and Kumar (1968) , Sahai and Sinha (1969) , Dewan (1973) , Lakshminarayana (1965) , Miller and Rabe (1969) , Islam et al. (1974) and Dewan (1973) observed high values of free carbon dioxide in monsoon period and low values in winter months.
Hydrogen ion concentration (pH):
The monthly variation in the values of pH were slight and the values found were more or less similar throughout the study period ( Table 2 ). The higher values of pH in the month of December in pond 1 and in February in pond 2, which might be due to the increased rate of photosynthetic activities of phytoplankton with concomitant decrease of carbon dioxide. The increased values in pH might be due to the decrease of carbon dioxide and precipitation of CaCO3. Sreenivasan (1970) also stated the similar comments. The lowest pH values in March in pond 1 and in October in pond 2 might be associated with rainfall, high temperature and presence of high amount of free carbon dioxide. Khalaf and MacDonald (1975) , Lakshminarayana (1965) , Vyas and Kumar (1968) observed lower values of pH during monsoon. Banerjea (1967) reported that water with an almost neutral pH 6.5 to 7.5 is best suited for fish culture and average production is expected in the range of pH 6.5 to 8.5. The values of pH in the present study ranged from 7.56 to 7.85 and 7.57 to 8.13 in pond 1 and pond 2, respectively that indicates the ponds are suitable for fish culture. The pH range of 7.5 to 8.4 indicates that the water provides optimum conditions for favourable growth of plankton (Villadolid et al. 1954) . He also stated that lower pH values are known to adversely affect the plankton production. Swingle (1957) in his study indicated that the pH values varying from 6.5 -9.0 are considered to be satisfactory. He also observed that waters with pH more than 9.5 were unproductive and pH 11.0 was lethal for fish.
Total alkalinity: Total alkalinity was found to be slightly higher during summer months (March and April) than in winter months in both the ponds. The higher values of total alkalinity during March and April (summer months) and lower values of the same during October and November (winter months) of both the ponds might be due to the high rate of consumption of carbon dioxide in photosynthesis during summer months and due to low amount of consumption of carbon dioxide by short period of photosynthesis during winter months. Higher values of total alkalinity during summer months and lower values of the same during winter months were also recorded by Dewan (1973) , Chakrabarty et al. (1959) , Banerjea (1967) and Michael (1969) . In the present study, the ranges of total alkalinity obtained in pond 1and in pond 2 were 77.75 to 136.25 ppm and 58.00 to 95.00 ppm, respectively, which were within the productive range. Banerjea (1967) reported that 60 -70 % of the average to highly productive ponds he investigated had their total alkalinity ranging from 20.00 -200.00 ppm. Moyle (1946) from a study of large number of lakes and ponds in Minnesota, reported that the ponds and lakes with the range of total alkalinity 0.0 -20.00 ppm are low productive, 20.00 -40.00 ppm low to medium productive, and 40.00 -90.00 ppm medium to high productive.
Nitrate-nitrogen (NO3-N):
The highest values of nitrate-nitrogen during summer months might be due to heavy rainfall, because the rain water carried nitrogenous substances into the pond from the surrounding areas and rain also brings some nitrate produced from atmospheric nitrogen as a result of lightening during the rainy season. Roy (1955) , Lakshminarayana (1965) , David et al. (1969) , Sahai and Sinha (1969) Munwar (1970) , and Islam et al. (1974) obtained higher amount of nitrate after heavy rainfall. Rahman et al. (1982) observed that the range of nitrate-nitrogen was 0.074-0.304 ppm.
Phosphate-phosphorus (PO4-P):
The higher values of phosphate-phosphorus in summer months (October, March and April) ( Table 2) might be due to leaching of it from soil through inflow of water and rainfall. Ganapati ((1942) and Roy (1955) reported that the high amount of phosphate during monsoon was due to its accumulation into the pond carried by rainwashings and produced as a result of decomposition of organic matter. Lakshminarayana (1965) , David et al. (1969) , Sahai and Sinha (1969) and Islam et al. (1974) also made similar observations. Rahman et al. (1982) observed that the range of phosphatephosphorus was 0.028-0.173 ppm. Ganapati (1942) , and Sahai and Sinha (1969) observed the lowest values of phosphate-phosphorus during winter months. 
Diel changes of water temperature
The diel changes of temperature of water of pond 1 show that maximum temperature was found at 12 noon on all the 14 days of study of diel change and minimum temperature was found at 12 mid night except on 3 days of study of diel change (March 15 th , April 15 th , and April 30 th ) which was at 6 a.m. instead of 12 mid night.
The trend of diel change of temperature as found in pond 1 is that after 12 noon (when temperature was maximum) temperature started to fall upto midnight and on 3 sampling days upto 6 a.m. and then it started to increase again and reached to the maximum level at 12 noon. This is clearly due to the diel changes of solar radiation on the earth. From Table 3 the diel changes of water temperature of pond 2 shows the similar diel changes as those found in pond 1 mentioned above.
Diel variations of chemical factors
The data of diel variations of chemical factors of two ponds have been shown in Table 3 .
Dissolved oxygen: During the study period the maximum values of dissolved oxygen were recorded at 6 p.m. and the minimum values were recorded at 6 a.m. in both the ponds (Table 3) . The dissolved oxygen content of two ponds was found to increase more or less gradually after 6 a.m. till the highest reached at 6 p.m. and then it decreased until 6 a.m. in both the ponds. The continued increase in dissolved oxygen concentration from 6 a.m. to 6 p.m. was associated to photosynthetic activity of the phytoplankton and its gradual decrease from 6 p.m. to 6 a.m. was due to respiration by the biota and absence of photosynthetic activity. George (1961) reported similar result. Khan et al. (1970) and Dewan (1973) also obtained maximum values at 18:00 hours (6 p.m.) and minimum values at 06:00 hours (6 a.m.). In general, during the winter, months there were high concentrations of oxygen and in the summer months, the concentrations of oxygen were comparatively lower. Higher values of dissolved oxygen in winter and lower values in summer in most cases might be due to the effects of temperature on the solubility of oxygen in water. The solubility of oxygen in water decreases with the rise of water temperature.
Free carbon dioxide: During the study period, the maximum values of free carbon dioxide were recorded at 6 a.m. and the minimum values were recorded at 12 noon in both the ponds. The lower amounts of free carbon dioxide at 12 noon and 6 p.m. and the highest amounts of the same at 6 a.m. (sunrise) can be attributed to the utilization of free carbon dioxide by the processes of photosynthesis during the day which resulted very low or zero amount of free carbon dioxide at 12 noon and 6 p.m. and due to the release of free carbon dioxide by the processes of respiration Int. J. Agril. Res. Innov. & Tech. 7 (1): 14-20, June, 2017 throughout the night when photosynthesis is absent. Again, the free carbon dioxide content was higher during winter months (December and January) than in summer months (March and April). This might be due to shorter duration of photosynthesis and longer period of respiration in winter and vice versa in summer. Dewan (1973) also obtained higher amount of free carbon dioxide during winter months than in summer months. The free carbon dioxide was found to bear an inverse relationship with dissolved oxygen. Dewan (1973) also noted similar relationship in his study.
Hydrogen ion concentration (pH):
During the study period, the maximum values of pH were recorded at 6 p.m. and the minimum values of pH were recorded at 6 a.m. in both the ponds. The highest values of pH at 6 p.m. (evening) and lowest values at 6 a.m. (morning) were most probably associated with the high rate of utilization of free carbon dioxide in photosynthesis throughout the day which resulted in the rise of pH value at 6 p.m. and with the accumulation of free carbon dioxide as a product of respiration of biota and decomposition of organic matter and also due to absence of photosynthesis at night resulted low value of pH at 6 a.m. Dewan (1973) reported similar observations in a pond. Atkins and Harris (1924) and Philip (1926) reported similar results of diel changes of pH. Michael (1969) also observed inverse relationship between carbon dioxide and pH. In the present study, the pH values were always above the neutral point, which indicates that the ponds are in the productive range of pH.
Total alkalinity: Total alkalinity showed wide diel variations than the other chemical factors of the ponds. The amounts of total alkalinity were found to increase steadily in both the ponds from sunrise till the maximum amounts reached at 6 p.m. It then began to decrease till the minimum amount reached at 6 a.m. The increase of total alkalinity was more gradual than its decrease. The comparatively high values of total alkalinity at 6 p.m. and the low values at 6 a.m. might be due to the utilization of free carbon dioxide by photosynthesis throughout which increased total alkalinity at 6 p.m. and on the other hand the liberation of free carbon dioxide by respiration and decomposition throughout the night in absence of photosynthesis resulted an increase in the amount of free carbon dioxide and a decrease in the amount of total alkalinity at 6 a.m. Clarke (1954) stated that more CaCO3 is formed when carbon dioxide is drawn up from water by photosynthesis. The total alkalinity showed direct relationship with pH and oxygen and inverse relationship with free carbon dioxide. Similar relationships were also observed by Dewan (1973) in a study. Among all the chemical factors, total alkalinity showed the highest ranges of diel variation. Then the dissolved oxygen, free carbon dioxide, and pH occupied the successive positions with respect to ranges in the diel variations. However, all the chemical factors showed appreciable diel variations throughout the study period which indicate that the ponds are productive.
Plankton Phytoplankton
Chlorophyceae was found dominant with respect to number of genera in both the ponds. Scenedesmus was the most dominant genus in Chlorophyceae in both the ponds and was present throughout the whole study period. Myxophyceae was the next dominant group with respect to number of genera in both the ponds. Bacillariophyceae, Euglenophyceae and Cyanophyceae were less dominant groups with respect to number of genera in both the ponds. The ranges of phytoplankton were 17,160 -30,940 cells/L and 15,080 -28,080 cells/L in pond 1 and pond 2, respectively (Table 4) . Monthly successions of phytoplankton were found in both the ponds during the study period. Chakrabarty et al. (1959) made a quantitative study on plankton and physico-chemical conditions of the River Jamuna and found a close relationship between the physico-chemical factors and the plankton productivity of the river. Lakshminarayana (1965) found that a correlation between phytoplankton periodicity and population maximum with the physico-chemical factors. He also found closer relations of phytoplankton with the physical factors than with the chemical factors.
Zooplankton
The major groups of zooplankton recorded during the study period were rotifera, cladocera, copepoda and crustacean larvae. Rotifera showed the numerical dominance in both the ponds through the study period. Brachionus was the most dominant genus in Rotifera in both the ponds and was present throughout the study period. Cladocera, copepoda and crustacean larvae were less dominant groups with respect to number of genera in both the ponds. The ranges of densities of zooplankton were 5,460-10,140 cells/L and 5,720-10,660 cells/L in pond 1 and pond2, respectively. Monthly successions of zooplankton were observed in both the ponds during the study period. The zooplankton population was found to increase gradually till it reached maximum in October and then decreased. 
